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t}: f^^^ >Jd^^-2-S <Hl%l^M <^l<H^^(air gap)^ ^^^^VJI, o\]o]^^o] nfl^sj^ 

^ ^^^o] ''<^S.^ o\]o]7^o\] nfl^^ 

#31- tiVS^l^^ e #^1- 9l^}c^ ^-Br ^y]S.S. Jl3z|-^ o.^ ^^>#^ ^£ 

S. 2 
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^£.^1 {Method for fabricating semiconductor optical device} 

£ la ^ £ Ib^ -g- -^^l*^!*^! ^-£^1 ^J-'S* 

S. Ic^ S. la ^ S. Ib^ Al - A2 ^^-i- ^#lt!- 

£ 3^ ^ ^^^S] ^X\<^]6\] 0V£^1 %^7]-9\ ttVAV^ ^A^^ q-E)-^ ZL2fl 

SI _ 

£ 5^ ^ ^'^Sl %^7]- ^J-'^* ^-§-*><^ eflol^-l^ ^^>^ 

£. 6^ ^ ^^M] 2^-§-^><^ 2fl<^l^^^ sr>^ ^^>^ 

1, 11, 31: aVS^fl 7]:^ 2, 3, 16: 

4: 1^1 A> ^3: 4a, 9a: i:^]-'^'^ 

4b, 9b: ^l^l*^^ 5, 15, 17, 35: <^o]7^ 
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6, 18, 32: #^ 

7: 12: s>-^ hVa]-;^ 

13, 37: ^lE 14, 33: 

19, 20: 21, 39: 

22: tiVA};^ 34: aVAj-Pg 

40: ^>:^ tiVA].;g cg« 

<19> tiVi^] ^^o] -g-ol^l-Jl ^'^ol tt|]^<^l V^^^^ ^c^>o1] -§-^£]jl 

Si'^. ^^-§- s}-:^ *^^(1.2 //m ~ 1.8 pm)^ ^^^] ^S. InP GaAs 7]:^ ^ofl 

^^V^ ^ElS <^]-%-o] 71-^tV ^i^l ^ 9X^. ^]^]^ ^^M] 
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<20> ^Efl 7l#oil ^tb ^£^1 ^^>^-^S.^ InP 7l:^oi] :^;^> ^^^*H 

InP/InAlAs ^^>^ , InAlGaAs/InAlAs ^^>^ , InAlGaAsSb/InAlAsSb "i-^l 
1, 5, 6]. InP 71:^011 ^:^> ^^^^ ^ <^1^l€^><^ "S* ^ InP/^7l#(air-gap) 

tiVAl-;g[%i-Jl^tl 3, 4, 7, 11] £ 7fl^^ wj- 9X^^, iJ-'^-S-^ -B-^^l 

-S^^ 2], GaAs 7l:^oll ^^^S)^ Al(Ga)As/GaAs «]:^>^ 12], GaAs 71:^011^1 AlGaAs 



OS ta — I 



t>^*H 8] InP 7l^oi] o]s. 7l^ 



cfl 7]^^ -g-§-(fusion) -f-^flAi ^l^sjc^, ^^lol>5^<^^- ^^Hl -g-§-^ 

^. 

<2i> [%^^^^ 1] Dennis G. Deppe, et al . , Vertical cavity surface emitting lasers with 

electrically conducting mirrors, >)1 5, 068, 868 J: (No v. 26, 1991), AT&T Bell 

Laboratory. 

<22> [^JL^^ 2] Jamal Ramdani , et al.. Long-wavelength light emitting vertical cavity 

surface emitting laser and method of fabrication, fl^s.^^ 6, 12 1,06831 (Sep. 19, 2000), 
Motorola, Inc. 

<23> 3] Chao-Kun Lin, et al . , Electrically pumped 1.3 m VCSELs with 

InP/air-gap DBRs., Conference on Lasers and Electro-optics 2002, CPDBlO-1, pp.755 ~ 757, 
2002. 

<24> [^jl^ti 4] Chao-Kun Lin, et al., High temperature continuous-wave operation of 

1.3-1.55 m VCSELs with InP/air-gap DBRs, IEEE 18th International Semiconductor Laser 
Conference, ThA6, pp.145 - 146, 2002. 
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<25> 5] I. Sagnes, et al . , MOCVD InP/AlGalnAs distributed Bragg reflector for 

1.55 m VCSELs. Electronics Letters, Vol. 37 (8), pp.500 ~ 501, 2001. 
<26> 6] J.-H. Shin, et al., CW operation and threshold characteristics of 

all-monolithic InAlGaAs 1.55 pm VCSELs grown by MOCVD, IEEE Photonics Technology 

Letters, Vol. 14 (8), pp.1031 - 1033, 2002. 
<27> 7] K. Streubel , et al., 1.26 pm vertical cavity laser with two 

InP/air-gap reflectors, Vol. 32 (15), pp.1369 - 1370, 1996. 
<28> 8] H.-E. Shin, et al . , High-finesse AlxOy/AlGaAs non-absorbing optical 

cavity. Applied Physics Letters, Vol. 72 (18), 1998. 
<29> 9] Sun Jin Yun, et al . , Dependence of atomic layer-deposited AI2O3 films 

characteristics on growth temperature and Al precursors of AKCH 3)3 and AICI3. , J. Vac. 

Sci. and Tech., vol 15 (6), pp.2993 ~ 2997, 1997. 
<30> [#j1-§:M 10] Tuomo Suntola, et al.. Method and equipment for growing thin films, 

nl^^S] ;«ll5,711,81lJ:(Jan. 27, 1998). 

<3i> 11] g# wm ^1, '"3^^ ^5.^1 n<^]^ ^ o.^ «ci-^", 

3§ 11-307863^, -^Mm^X^tt^^tt. 

^^7fl 3g 12-012962^, ■^'i^mm.nm-m^-^m:. 

<33> [^ZL^^ 13] ^, "^^ ^2:1- «Vi^l ^^:^}", ^tfl^S]#^ ^1 

2002-69586 J:(2002\l 11-S WU) . 
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<34> zieiM- ^7]^ f^sfl^ av^^l «>A>;gl-^ cf^n]- ^ c]-;^^ tk^^. 

<35> ni^-j, inP 7l^o]l ^7.} InP/InAlAs ^^}^ , InAlGaAs/InAlAs ^ 

^ InAlGaAsSb/InAlAsSb ^^}^ ^-^l- ^ ^>^>^[^^ l]*^! 

<36> InP 7l:^oll ^^V ^^^tt ^ 9X^ InP/-g-7]# ti}.A>;g^ -^^^1 

7} ^JL ^Mo] -g-olt^ ^V^o] ^*)-^o.^ 5t^>ji ^oV;.^t}: ^31 9X^. 

<37> ^3)- o.^ -^^^1 "^^M ^ GaAs 7l^oil ^^^5)^ Al(Ga)As/GaAs ^^\^ 

71-^lJl SlCfjI <y:3^;5^ O^rf. 

<38> GaAs 7l:& ^<^1 ^^^sfji ^^^V^ ai-n^ ^ Al(Ga)Asf^^ ^ 

^^ol^l^ ^^>^sl ^^oil^ X}-^ Ajoil A|7l^ o.^ -yt!: '?>^^^ ^^ole]-^ 

^^^^o^ ^l^^l ^^>^ ^ 7fl^o] ^^^cf. 

<41> ^7]^ ^^^«>7l ^ ^£^1 7l:a- ^<Hl <Hl^lWl7> ^^S. ^ 
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7^o] nfl^Sl^^ <^^^ ^^^o] o^;^^ ^^t}^ ^7^11- 5L^s:>^ ^^^S. , 

<42> ^7] «ViE^1##^ :fc^><^^fil ^o] 41-71 ^;^V<:g^ o^^oJi ^1 ^1 <^ ^ J^.^- ^Tfl 3fl 

B-l^Sl^ ^* O.^ ^Cf. 

<43> >^}-7] ^^nW^^ ±7]-Ci<^o^ M.O] ^7] ^7]-<^^ <U^9] ^]7.]c^^^r}. ^7]] ^ 

<44> ^7] 71:^ ^<^1 ^.^ ^i^o] 7}^^ ^^^-^l ^^1-2.5. 

<45> 4V7I .^^Tg- ^^.^o] o^^^ ^^o. A>3j.°.^ ol^-o) ^^^olD^, AI2O3, ZnO, 

MgO, Ti02, Ta205. ZrOg, Hf02, Si02, Si3N4, AIN, AlON ^ <Hi^ ^VM-^l^M- ^l-l"^ 2:^^ ^ 

<46> 4V7I tiVi^] ^3-4x^1-^ a].A>;g SE^ ^E^ol o.^ ^C|-. 

<47> ^ ^Vtgo^ ^^jj^ CllrO^ ZL^ Cf^ ^ Ai:^*V ^^1^ ^ ^^^i^ 7] 7fl ^ ^-^ 
£igoll -^011=1-. 

<48> nei'S o]t}, £1^^ ^S^H ^ ^^^^ wl-^^tb -a-^^^l^l ^^*>7lS 

tbnf. ZLE^i-f ^ ^^^o] ^^1<^1*^ <^e-l 7M cf^ ^Efls ^ ^-^H, ^ 

^^]^ ^A<=>]^. t^-El-^i -S^a-Hl ^^tb 7<J-3:*l-7l 
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3i}-^V5]o:|^ 7^o]x^^ S.^6\]A^ ^<^^ ^S-S. S.M^ ^'U^ JS.rt* ^olt!ri=f. St!:, <H 

^ #<^1 ^ ^£^1 7]:^^ "-^oHl ^i=f"&f-31 7l^l]5]^ ^-f-^l, ^o^7] c^-€- 

<49> £ la ^ :£ Ib^ ^ ^^1<^1<^1 ^£^1 ^:li;^>sl ^^^>7] ^tb 

Al-A]5.<^l°l, S. Ic^ 5. la ^ £ IhS] Al - A2 ^^t!" £. 2^ ^ 

<50> inP aVs^fl 71:^(1) -^-^^l a-^^ cf^ oil^lwlCetch rate)* III-V^ ^£^l#-i-(2 ^ 

^]^^<^ ^ ic5q- <^i*^7^(5)-g- ^>^^^^s.>h -^loi^^cs)^ sl^^}^ ^]9X^ 

^Efl (bridge type)(£ la ^^IL ^^fl (cantilever type)(£. lb ^S)^ ^]^} 

(mesa) ^S(4 ^ 9)7} ^^^^cf. nfl ^^1^1- ^^(4 ^ 9)7> tflo) ^cf. o] 

1- ^tb sl-M-^l M^-y wj-'^o.s 3E la ^ £. Ib^ «}-S.^l#(2 ^ 3)* ^^t!" ^ 

- ^^(4a ^ 9a)^ ^l^l<^^(4b ^ 9b):a.t:1- ^7ll sflE-l^^l-ia 3}^6\]a^ 

^2^6\] s]^ ^^><^^(4a ^ 9a)^ ^£^l#(3)ol ^^^1 ojj^ls]^ ^^J: ^l;^l^^(4b ^ 9b)^ 
a1:£^l#(3)^ ^^S]7l nfl^ofl xl;.l<:g^(4b ^ 9b)sl «}-£^l#(3)ol ^;^><g ^ (4a 

^ 9a)S^ ^-^^ a].3£^l^(2)^ ^1^1*>7ll ^nf. o]s>loil£ m-V^ ai.:£^]f.^oil cfltfl -a^A^o] 

•^O-S. Aj-7lfif ^o] oV^^j^o] nijA> ^2:(4)1- ^^^^ ^£ S^Cf. 
<5i> a}.3E^lf^#(2 ^ 3)^ -^7l^^7l>^ '^^^'S (Metal -Organic Vapor Phase 

Epitaxy) ^^^^ ^ , In? InGaAs. InAlGaAs, InAlAs InGaAsP -f-^ ^'^l InP 7] 
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^(1)<H1 ^^^^ 7}^^ 1-^*^ ol-g-^ - o;tcf. ^ #^1-^ ^IBS^ ^^], «?lA>7jl ^ 

<52> £ 2* %1-S*>^, £ Icfif oil^lofl o^tfl ^^^^ <^l<H7,3(5)ofl o.^^ 

#^(6)^ ^^2^ ^^la^ ^fl^^ ^^cf. ol nfl ^7] 1-^(6)^ #^^>^ 4^<HlAi 

<^1^^J(5) ^<^1 ^^^-9.^ ^^(void)(7)ol S.^^ ^ 9X^. ^7] <^lcH7^(5)S] ^^^^ 
<H1 ^^-71 l-^(6)# Jl32|-2^-^S ^7] ^SflA^^ ^;^>^ ^^Matomic layer deposition)'^* 

^ ^i^. ^ TMACTri Methyl Aluminuin)i2l- H201- t^SS. ^}-%-^^ 200 ~ 400^^ 
1.6 ~ 1.7 §^1:* 3:^t!:(dense) f^^^^ t^^^-. 

<53> ^^7] ^xli^ ^>^^ol cy:^^v #^(6)^^ -ar^l-olM- -arSl-l-jq- ^Sl-lrS^ ^ 

^>-§-^ ^ SZcf. 1-<H. AI2O3. ZnO, MgO, Ti02. Ta205. Zr02. Hf02. Si02. Si3N4, 

AIN. AlON ^>-§-*>7lu|-, oli-o^ A>-g-§ ^ o;it:f. AI2O3 "^^-^ ^}-%-^}^ ^-f ^^1 

InP i^ViE^fl 71:^(1) ^<^1 ^£^fl# 1"^, InAlGaAs, InGaAsP. InAlAs, 

InGaAs wlJa^fl^^-] ^><^17]- H7l i41^<Hl ^7lS.£ M^^S 

¥^ ^^(leakage current)* jL^j-^o.^ ^l^H (pass i vat ion) ^ ^cf. S-^Ji*^! 
-^-^ 8^ tiVAV ^f-jj). M-el-^Wcf. 

^ ^7.}o\] Al-§.£]^ InP 7l:^oilA^ ^^O] 7}^^}^, c^] 7^ (5)oil ^11 
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#^(6)^ 91^^ ^^^q- '=>^s.^ '^^^ ^^^^ <^]^ ^^i ^ 

^-^ ^B-l ^tdb^Hl -§--§-€ ^ 9X^. 

*a=tb Hfl^i^q- ^^is. ^ xi^, 7]^^9i ^>£^i^i-# ^^^^vji 

<56> ^^1^^ '^l^'^. 1.55jtffll2l 5)-^ e^^ofl^i Jl«}Al-g:^ 71-^1 ti]-^!-^^ ^^l^>:il, ^ 

7]^ ^^i^S. InP 7]:^: ^^^>» ^1^^>^ £ 3^] >«d Ai^- ^^}^ ^^^^ 

<57> S. 3^ ^ ^^^2] ol-eV ^l^hs]^ aVS^l ^^^>^ ^a>* ^^J-<^1 cfltb 

<58> oVA]-^ ^^(^ B)^ £ la S. Ib^^- inP ^l-iE^l 7l:&(l) ^<^] ^^S. 

tii.3^^1^s.(2 ^ 3)^ incfls- «>4^H ^#^1^ -^^^^l^i ^^tb ^^># 
olD^^ aVA]-^ ^^^^ ^-aC^ C)^ ^'^S. ^ ^:£^1#1:(2 3)^ ^^^o.^. 6\] 

^ A)^ ^7l ofl<H7^(5)<^l ^Sl-B]- ^^^-^ >a-EHoilAi ^^t!r ^>^>#^ M-Hf'i 
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(5)<^1 ^^-^ ^Sl-^Hl ^m?)^ til^Hl tt1-€- M-Bl-^ 

^^^i^'l-e- ^^^(Al203) vflofl ifl;c11^>^ ^^(7)3] n]7\ 10%9l ^-^(^ D). 5%^ 

<60> £ 5^ ^ ^^B] H>£^1 ^-g-^H a^«c}-# ^]]<=>]^]^ "^^M 

<6i> 7]%(11) ^>^>^(12), '=§^(13). ^^^m <^^(14)# ^^H-^ 

^>7] <=g^(14) ^ ^A>;^ «=g^(22)<Hl oflo^^JdS ^ 17)ol z^-z]- ^^^Jsl^s. 

^^7] ^1<^^^(17)<^1 itj^^ t^el ^Efl 5-1^11 ^Eflo^ cilA> ^^7> ^^^^cf. ^ 

7] 0)10^7^(15 ^ 17)^1 i^-ll^J^lS^ ^Ajo] o.^^ ^^(18)^ ^7] ^^^ItV 

•^^(U)*^!^ ^2:7> ^a-^l ^£^1#(16)4 ^^^^ 6\]0]7^(17)0. ji^^A}^ 

^ ^V-^ tiVAl-;^(22)^ ^^^tbt:}-. ^7] ^^^fl*!: <^^(14)2f ^S. <^^(13) 71^(11) ^<^] 

^^(19 ^ 20)* z^z^ ^^^tb^-. -^J: 21^ M-B^-^flnf. 

<62> S. 6^ ^ ^^^^ wVS^l ^41^1- ^1^ «<J-'S* ^-S-^V'^ JL^«<J-# ^'=>]^^^ ^^>^ 

<63> tiVi^fl 71^(31) -^Hl ^-^V^ <^^(40), ^S. ^^(37), ^^^It!: *=g^(33) ^ ^ 

-¥- ^>^V^(34)# ^^Ho.^ ^^^tbcf. ^^-71 t}^ ^VA>;^ <^^(40)^ <Hl^ltil* 4# 
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<64> aVS^l ^^^1-^(34), ^^-^m '^^(33). ^£ '^^(37) ^ ^>-^ wVa]-;^ «^^(40)oll 

t!: ^^^1 tiV^^l^s-^ >«d^^^S ^]^t}<^ ^7] t}:^ ^A>;g «^^(40)<^1 <Hl<H=a(35)<^l 

ttcf. 0110^7^(35)0] ^^]7} nfl^ili^ <i^i ^A^ol -^^^V 1-^(32) 

* ^#^Vc^ t}^ a]:A>;^ ^^(40)<Hl «]:A>^* ^^^tlrCf. ^^7] ^^^m ^ 

^(33)4 ^S. <^^(37) ^^(36 ^ 38)-i- ^^^t!"^. S^-Hl^^ -^5: 39^ 

eflol^^oi]A^ Aj-H. ^v^|.;^ <^'^(22)^ ^o^-^ tiVA}^ ^A>^ <^^(40)^ ^VaV 

^ ^1^^ ^-g-€ ^ Si^^, ^ ^^^^ ^-§-^H ^VA>;gail- *>-^ ^>A>;g^ :^Aloil 

oil ^ ^^^^ 7l#^ A>A^ol ^6\]X\ ^ ^0>ollA^ -f-A^ol ^^^o. 

oil SlsrH 7>^1 ^^o] 7>^*>Cl-. 

[^^^^ Ml 

<67> ^o^#t!: w]-^ ^<^1 ^ ^'^^ iStJE^l ^A>;^ ^b\o\] ^Att ^S^l^l:* 

^ ^ olUl^H '^I'^H^J* ^^^^>JL, ^7] 0II0I7J0I nll^£l:£^ ^^1^«^1 ^ 

i£ ^^^^1 -f^^>Ji <Jl:^^^(reliability)ol ^ti^ wi-iE^l ^^^Vl- ^ $icl-. 
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<68> ^ ^T^oJl tiVi^] ^^>C>^ o_U>;g ^ ^E-l 7l# ^<:>>, ^-f->d 4i;^> 
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2] 

i^^^^ 31 
41 

^1 1 ^J-'^] ^^-71 ^7] 7l:5b ^cll A^^j-o] 7>^^ 1-^ 

^^o^S. t}^ ^Jr^n %^7.} 
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51 

^1 1 %H1 ^^^'^l ^V5l-#. <^l-i-^ 

l^^^J- 61 

^1 5 ^ol^i, <i^^ ^^^ol o^^^ ^^o. y^i^og, ZnO. MgO, Ti02, TazOs. 

Zr02, Hf02, Si02, Si 3N4, AIN, AlON ^ 0]}=^ ^}^J^o]7]iJ^ ol^-o^ ^.^o] o.^ 

[^^•%^ 71 

^1 5 ^<HAi, .^1-7] <i^^ ^^^ol oj:^^v 1-^^ ^T^l-f^ #2Vi^O.^ ^^t}^ 

81 
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(c) 
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[-E 2] 




[J I Ml Ul I U I I I I I li Ut l_l I ^ 

1200 1300 1400 1500 1600 1700 1800 1900 2000 
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[S. 4] 
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